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ABSTRACT

Objective: Voiding cystourethrography (VCUG) has been considered as the gold standard technique for the 
diagnosis of vesicoureteral reflux (VUR). But, it requires fluoroscopic guidance which expose children to 
radiation. Voiding urosonography (VUS) is technically analogous to VCUG and has the major advantage of 
zero radiation exposure. This study aims to determine the efficacy of contrast enhanced-VUS (ce-VUS) with 
respect to VCUG in diagnosing VUR.

Material and methods: This study involves 30 children over a period of 3 years. All patients under-
went a VCUG followed by the ce-VUS on the same day. All VUS studies were done by the same so-
nologist in the sonography department. The images were recorded and reviewed by the same sonologist 
before reporting.

Results: The median age of the patients was 51.53 months. There were 21 males and 9 females. On 
VCUG, 16 patients had no reflux, and 14 patients had reflux. On ce-VUS, 14 patients had no VUR, and 
16 patients had VUR. Of the total 58 kidney-ureter units (KUUs), VUR was detected in 17 KUUs on 
VCUG and in 21 KUUs on ce-VUS. Thus, ce-VUS detected 4 refluxing units that were not seen on 
VCUG. In right KUUs, ce-VUS detected VUR in 3 units where no reflux was found in VCUG. In the 
28 left KUUs, 25 units on ce-VUS showed concordance with the grade of VUR as detected by VCUG; 
3 were discordant. Two units on ce-VUS showed a VUR one grade higher than the corresponding grade 
on VCUG and in one unit it was one grade lower. Thus, in total, ce-VUS picked up 4 cases which were 
missed by VCUG. 

Conclusion: ce-VUS is a good imaging modality when compared to voiding cystourethrography to as-
sess pediatric vesicoureteral reflux, in view of its superior diagnostic performance, feasibility and radiation 
safety for children.
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Introduction

Vesicoureteral reflux (VUR) is the retrograde 
flow of urine from the bladder into the ureter 
and towards the kidney. It is an important 
cause for urinary tract infections (UTIs). 
Its prevalence varies from 1.3% in healthy 
children to 8-50% among children evaluated 
after an UTI.[1-3] A cross-sectional study by 
Fong et al.[4,5] has demonstrated that vesi-
coureteral reflux is present in 30% of boys 
and 43% of girls presenting with symptom-
atic UTI in infancy. VUR is caused both by a 

developmental anomaly related to inadequate 
length of intravesical submucosal ureter and 
a dysfunctional problem where many patients 
have associated dysfunction of bladder and 
bowel emptying.[4,6] It is associated with 
reflux nephropathy and renal scarring.[4,7] 
VUR needs to be excluded in patients with 
hydronephrosis, renal scarring and other find-
ings that suggest high-grade vesicoureteral 
reflux or obstructive uropathy on renal ultra-
sound.[4,8] Early detection and effective treat-
ment of UTI is important to prevent sequelae. 
The conventional reflux imaging modalities 
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for diagnosing VUR are voiding cystourethrography (VCUG), 
radionuclide cystography (RNC) and voiding urosonography 
(VUS).[4]

Voiding cystourethrography has been considered as the gold 
standard technique for the diagnosis of VUR.[4] However, it 
requires urinary catheterization and fluoroscopic imaging which 
expose children to radiation. VUR is graded by the International 
Reflux Grading System (IRGS), which classifies VUR into five 
grades- Grade I: Reflux into ureter, Grade II: Reflux into non-
dilated renal pelvis, Grade III: Reflux into mildly dilated renal 
pelvis, Grade IV: Reflux into moderately dilated renal pelvis, 
Grade V: Reflux into severely dilated renal pelvis with tortu-
ous ureter.[4,9] The major drawback of VCUG is the patient’s 
exposure to the radiation, which may be repeated more than 
once during the course of VUR management.[4] During a single 
VCUG procedure, the child is exposed to a radiation dose of 
approximately 0.64-0.807 mSv, which is equal to 20-35 chest 
X-rays.[4,10] 

Radionuclide cystography involves bladder catheterization and 
intravesical administration of radiopharmaceuticals and has the 
advantages of continuous examination of kidneys and bladder 
during filling phase, with lower gonadal radiation dose.[4,11,12] 
The diagnostic performance is comparable to VCUG and the 
cost is also lower.[4,11,13] But, owing to its lower spatial resolution 
and impaired anatomical delineation of the urethra, RNC is gen-
erally used for follow-up of patients with known vesicoureteral 
reflux.[4,12] 

To avoid radiation exposure during diagnostic imaging for 
VUR, the first attempts began in the mid-1970s which 
were presented by Darge.[14] Previously known as reflux 
sonography, echocystography, cystosonography, and echo-
enhanced cystography, the most widely applied term Voiding 
Urosonography with the abbreviation “VUS” was proposed 
for the first time in 2000.[4,15-18] VUS is technically analogous 
to VCUG- an ultrasound contrast agent is administered intra-
vesically via the urinary catheter, followed by continuous, 
alternate examination of the kidneys, urinary bladder, and 
retrovesical region during filling and voiding phases, as well 
as the urethra via transperineal or interscrotal approach dur-
ing voiding phase.[4] The diagnosis of vesicoureteral reflux 
is determined by the presence of moving echogenic micro-
bubbles arising from contrast material used during ultrasono-
graphic examination of the upper urinary tract.[4] The grading 
of VUR is done by the five-tier grading system by Darge and 
Troeger[4,19]:

Grade I: Microbubbles only in the ureter,
Grade II: Microbubbles in the renal pelvis; no significant renal 
pelvic dilation,

Grade III: Microbubbles in the renal pelvis + significant renal 
pelvic dilation + moderate calyceal dilatation,
Grade IV: Microbubbles in the renal pelvis + significant renal 
pelvic dilation + significant calyceal dilatation,
Grade V: Microbubbles in the renal pelvis + significant renal 
pelvic dilation and calyceal dilatation + loss of renal pelvis 
contour + dilated tortuous ureters.

In VUS, the contrast agents used are normal saline, albumin 
and first-generation contrast agent like Levovist® (Schering 
Health Care Co, Germany).[4] There are some limitations of 
Levovist including low shelf life, early disintegration time and 
high quantity of dye required.[4,18-20] This has led to widespread 
use of second- generation contrast agent containing sulphur 
hexafluoride molecules (SonoVue®, Bracco, Milan, Italy) in 
VUS.[4,19,20] The major advantage of VUS is the zero radiation 
exposure even during multiple procedures for the management 
of VUR in children.

This study aims to determine the efficacy of contrast enhanced-
VUS (ce-VUS) using second generation contrast agent in com-
parison with VCUG in diagnosing VUR.

Material and methods

This is a cross sectional analytical study involving 30 children 
over a period of 3 years. Children with first attack of febrile UTI 
below one year of age, recurrent urinary tract infections with 
suspect underlying VUR, antenatally diagnosed hydronephrosis 
(which required evaluation for the presence of a VUR), known 
cases of posterior urethral valves or neurogenic bladder neces-
sitating follow-up evaluation for the presence of a VUR and 
medically and surgically treated children that needed follow-up 
re-evaluation were included in the study. Children with active 
UTI were excluded from this study.

The study was started after receiving approval from the hospital 
ethics committee. Written informed valid consent of the patient 
was taken for the participation in the study including both pro-
cedures.

A detailed history was obtained concerning primary, current, and 
past medical problems. For each new patient, laboratory and im-
aging studies were performed as indicated including routine uri-
nalysis, culture, renal function tests, CBC and ultrasonography 
of the kidneys and bladder. For previously diagnosed patients, 
the previous medical records, laboratory data and imaging stud-
ies were reviewed.

Rutine urinalyses were performed anew in all cases to ensure 
absence of active UTI prior to the study. Antibiotic prophylaxis 
was given to all patients before the procedure which consisted of 
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amoxicillin-clavulinic acid, given at the dose of 40 mg/kg/day. 
The first dose was administered one hour prior to the procedure 
followed by additional 5 doses at 12 hourly intervals.

All patients underwent a VCUG followed by ce-VUS on the 
same day. Ce-VUS was performed using the Phillips IU-22 
(Eindhoven, The Netherlands) ultrasound machine equipped 
with a C5-2MHz convex transducer. Specific contrast detec-
tion software with a mechanical index of 0.7 was used. All VUS 
studies were done by the same sonologist in the sonography de-
partment. 

Using a 50 cc syringe and depending on the age of the child, 
an appropriate volume of normal saline was drawn into the 
syringe, and mixed with the 5-10 drops of second- generation 
contrast agent which was instilled into the bladder slowly. The 
examination was done by using both the tissue harmonic and 
contrast harmonic modes. The bladder, kidney and ureters were 
monitored. The presence of microbubbles in the kidney-ureter 
unit (KUU), which appeared as strong hyperechoic signals both 
in tissue harmonic and contrast harmonic imaging studies was 
considered diagnostic for VUR. Finally, a post-voiding check 
of the bladder and kidneys was performed. The images were re-
corded and reviewed by the same sinologist before reporting. 
The results were graded according to the classification system 
by Darge et al.[4,19].

The estimated sample size for detection of VUR in children 
with urinary tract infections requires a minimum of 30 patients 
with H0: incidence of VUR =25% H1:50% with power of 
80% and alpha=0.05. The formula used is Z test for Binomial 
Proportion. Sample size calculation was performed using SAS 
9.2 software.

Results

Thirty children who required an imaging study to detect VUR 
were included in the study. The mean age of the patients was 
51.53 months (range, 1-146 months). The patients (male, n=21, 
and female, n=9) were <1 (n=5), 1-5 (n=14), and >5 (n=11) 
years old.

VCUG was indicated for the patients with recurrent UTI (n=16), 
and for the follow-up evaluation of surgically (n=8) or medically 
treated (n=2) VUR patients, and for the evaluation of antenatal-
ly detected hydronephrosis in 2 patients. One patient was being 
followed up after bladder stone removal and the other one had a 
history of abdominal pain and pyuria (Table 1).

Spina bifida (n=2), post- traumatic urethral stricture (n=1), and 
hydrocephalus (n=1) were associated comorbidities in indi-
cated number of patients. The remaining patients had no co-

morbidities. Eighteen patients had recurrent episodes of UTI, 
whereas 7 had one previous episode of UTI. Fifteen patients 
had no prior VCUG study. Of the 15 patients who had a previ-
ous VCUG study, there were a total of 28 kidney-ureter units 
(KUUs) as 2 patients had only a single kidney each. Of these 
28 KUUs, 23 had a reflux involving the right (n=14), and left 
(n=9) KUUs.

Of these 15 patients, 4 had been treated medically (26.67%) and 
11 had received both surgical and medical treatment. Nine pa-
tients had no associated anomalies. Two patients had solitary 
kidney due to a previous nephro-ureterectomy (n=1) and con-
genital solitary ectopic kidney (n=1). Two patients had bladder 
diverticula. One patient had an associated ureterocele and the 
other one had neurogenic bladder.

In this study, all 30 patients underwent VCUG and ce-VUS se-
quentially on the same day. On VCUG, 16 patients had no reflux, 
while 14 patients had either primary (n=11) or secondary (n=3) 
VUR. On ce-VUS, 14 patients had no reflux, while 16 patients 
had either primary (n=12) or secondary (n=4) VUR. ce-VUS de-
tected reflux in 2 patients that were not seen on VCUG (Table 2).

A total of 58 KUUs were evaluated in 30 patients including 30 
right KUUs, and 28 left KUUs ( 2 patients had solitary right 
kidneys). VUR was detected in 17 KUUs on VCUG and in 21 
KUUs on ce-VUS. Thus, ce-VUS detected 4 refluxing units that 
were not seen on VCUG (Figure 1). 

Of the total 30 right KUUs, VCUG detected VUR in 11 KUUs 
[grade III (n=5), I (n=1), IV (n=2, and V (n=1) refluxes] and 
ce-VUS detected VUR in 14 KUUs [grade III (n=5), I (n=5), IV 
(n=3), and V (n=1)] (Table 3). Of the total 28 left KUUs, VCUG 
detected VUR in 6 KUUs [ grade III (n=3), and n=3 for grades I, 
IV and V each) and ce-VUS detected VUR in 7 KUUs [n=2 for 
grades III and grade V each and grade II, n=1)] (Table 4).
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Table 1. Indications of radiological evaluation in children 
with VUR 

Indications Frequency %

Febrile UTI 16 53.33

Follow-up of post-op VUR 8 26.67

Follow-up of medically treated VUR 2 6.67

Follow-up of antenatally detected HN 2 6.67

Follow-up of bladder stone removal 1 3.33

Abdominal pain with pyuria 1 3.33

Total 30 100

UTI: urinary tract infection; VUR: vesicoureteral reflux; HN: hydronephrosis 



Thus in right KUUs, the severity of VUR assessed by ce-VUS 
was identical to that assessed by VCUG in 27 out of 30 units. 
However, ce-VUS detected VUR in 3 units where no reflux 
was found in VCUG. The sensitivity, specificity, positive pre-

dictive value (PPV) and negative predictive value (NPV) of 
ce-VUS in right KUUs were 100%, 84.2%, 78.5%, and 100%, 
respectvely.  Cohen’s kappa cost-effectiveness was 0.8, and the 
level of statistical significance was set at p<0.001. Hence there 
was a strong agreement between ce-VUS and VCUG regarding 
right KUUs.

In the 28 left KUUs, 25 units on ce-VUS showed concordance 
with the grade of VUR as detected by VCUG, while discordant 
results were detected in 3 cases. Two units on VUS showed a 
VUR one grade higher than the corresponding grade on VCUG 
and in one unit it was one grade lower. The sensitivity, speci-
ficity, PPV  and NPV of ce-VUS in left KUUs were 100%, 
90.9%, 75%, and 100%, respectvely. Cohen’s kappa coeffi-
cient was 0.90, and level of statistical significance was set at 
p<0.001 which indicated a strong agreement between ce-VUS 
and VCUG regarding left KUUs.

Thus, in total, among 58 KUUs, VCUG detected 17. while ce-
VUS 21 cases of VUR. Thus ce-VUS picked up 4 cases which 
were missed by VCUG. ce-VUS had 100% sensitivity, 87.8% 
specificity, 77.27% PPV and 100% NPV. Cohen’s kappa coef-
ficient was 0.84, and level of statistical significance was set at 
p<0.001. There was a strong agreement between VCUG and ce-
VUS regarding both right and left KUUs.

Discussion

Voiding cystourethrography is considered as the gold standard 
for the diagnosis or exclusion of VUR, despite the relatively 
high dose of ionizing radiation delivered during the procedure.
[4] Pulsed fluoroscopy is the standard mode in many modern pe-
diatric radiology departments which has resulted in significant 
reduction in radiation doses. However, most urological patients 
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Table 2. Types of VUR detected on both VCUG and 
ce-VUS in 30 patients

VUR type VCUG ce-VUS

No reflux 16 14

Primary 11 12

Secondary 3 4

Total 30 30

VUR: vesicoureteral reflux; VCUG: voiding cystourethrography; VUS: voiding 
urosonography

Table 3. Comparison of right KUUs regarding grades of 
VUR detected on VCUG and ce-VUS

Grade of VUR VCUG ce-VUS Discordant

0 19 16 2 Grade I
1 Grade 4

I 3 3

II 0 0

III 5 5

IV 2 2

V 1 1

Total 30 27 3

KUU: kidney- ureter units; VUR: vesicoureteral reflux; VCUG: voiding cystou-
rethrography; VUS: voiding urosonography

Table 4. Comparison of left KUUs regarding grades of 
VUR detected on VCUG and ce-VUS

Grade of VUR VCUG ce-VUS Discordant

0 22 21 1 Grade I

I 1 1

II 0

III 3 2 1 Grade II

IV 1 1 Grade V

V 1 1

Total 28 25 3

KUU: kidney-ureter units; VUR: vesicoureteral reflux; VCUG: voiding 
cystourethrography; VUS: voiding urosonography

Figure 1. Comparison of KUUs detected on VCUG and ce-VUS
KUU: kidney-ureter units; VCUG: voiding cystourethrography; VUS: 
voiding urosonography
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who have a VUR undergo several repeat VCUG procedures to 
evaluate the outcome of the VUR in terms of resolution or wors-
ening of VUR. This exposes the child to a cumulative high dose 
of ionizing radiation even when adequate precautions are taken 
to deliver as low a radiation dose as possible.[4,10]

In view of the increased life-time risk of malignancy associ-
ated with cumulative exposure to ionizing radiation, there is 
a growing interest in the use of radiation-free imaging tech-
niques. Contrast-enhanced VUS is an attractive option to 
demonstrate the presence, grade, and severity of VUR.[4] It 
can be repeated frequently if needed, as there is no radiation 
exposure. A further advantage is the availability of second-
generation contrast agents for ce-VUS which allows the use 
of substantially lower volumes compared to the first-genera-
tion contrast agents, leading to a significant reduction in cost 
of the procedure.[4,18]

With the recent development of contrast-specific ultrasound 
techniques and the availability of stable US contrast agents; ce-
VUS needs to be evaluated in comparison with VCUG to deter-
mine its efficacy in detecting and grading VUR and to assess its 
suitability to replace VCUG as an imaging modality of choice 
for VUR.[4,21,22] Very few studies have so far looked at the com-
parison of these two techniques.[4,21-26]

In this study, the sensitivity of ce-VUS in detecting VUR was 
100% when compared to VCUG. ce-VUS did not miss any VUR 
which was detected by VCUG. This is in concordance with stud-
ies done earlier by Ascenti et al.[26], Ključevšek et al.[25] and Tse 
et al.[23] who also found that ce-VUS had 100% sensitivity. Tse 
et al.[23] compared the two procedures and reported that ce-VUS 
did not miss any VUR that was detected on VCUG.[4] However, 
few studies have shown a lesser sensitivity ranging from 80 to 
86%.[22,28,29] The number of refluxing units missed by ce-VUS 
in these studies was small, ranging from 1 to 14 accounting for 
<1% to 3.8% of all refluxing units.[22,27,28]

In this study, the specificity of ce-VUS was 90.24%. Studies by 
Tse et al.[23] and Kis et al.[28] showed a slightly lesser specifici-
ties of 85 and 86%, respectively. Studies by Darge et al.[27] and 
Ascenti et al.[26] showed a relatively higher specificity of 92 to 
97%. The sensitivity and specificity were similar for both the 
right and left KUUs.

In this study, ce-VUS detected a total of 22 refluxing units while 
VCUG detected 17 units. This finding is similar to other stud-
ies in literature.[4,23-28] Among the five cases detected by only ce-
VUS in this study, four were grade I in severity which may not 
have major clinical implications. However, in a single case, ce-
VUS detected a grade IV reflux which was not seen on VCUG 
that changed the plan of management.

In this study, there was an excellent correlation between ce-VUS 
and VCUG for identical grades of reflux in 52 of the 58 (93%). 
Discrepancy was seen in 6 units. In all these six cases, ce-VUS 
documented a higher grade of reflux when compared to VCUG. 
In 5 out of 6 cases the grade differed by one. In only one case the 
difference was of a magnitude of four. This slightly higher grade 
noted in five cases might have been due to the fact that contrast-
specific US harmonic techniques are more sensitive at depicting 
even a few refluxing microbubbles of contrast agent compared 
to VCUG that demands a larger volume of refluxing contrast 
agent diluted in urine, especially in cases with dilated systems.[4]

There was one case with VUR grade IV detected on VUS that 
was entirely missed on VCUG. The review of the VCUG sug-
gested this could have been a technical fault in the performance 
of the VCUG as the bladder did not appear full in the initial 
phase.

This study is, however, not in agreement with the findings 
of the study done by Darge et al.[24] and Tse et al.[23] which 
stated that the refluxes missed by VCUG were predominant-
ly of higher grade. The fact that VCUG might underestimate 
or miss reflux may be partly explained by the intermittent 
nature of VUR, the potential for marked dilution of contrast 
agent in a dilated system, and the shorter fluoroscopic guid-
ance during VCUG.[4] Conversely, prolonged observation 
is an advantage of ce-VUS that allows a higher number of 
patients with VUR and possibly higher grades of VUR to 
be diagnosed compared to VCUG. Due to the increased sen-
sitivity of harmonic imaging, even sporadic microbubbles 
can be reliably visualized.[4] Hence, ce-VUS is a modality in 
which VUR detection can be done better than relative to the 
standard VCUG technique.[4]

The major attraction in using ce-VUS is its lack of ionizing ra-
diation. In a recent study on radiation dose of pediatric VCUG 
by Sulieman et al.[29], the mean entrance surface dose for VCUG 
with positive reflux was 1.45 mGy, and negative reflux was 1.05 
mGy. As gonads were inside the radiation field during the ex-
amination, there was a higher organ equivalent dose to ovaries 
(0.44 mSv) and testes (0.33 mSv) than to thyroid (0.006 mSv).[29]  
The estimated risks of malignancy of ovaries and testes were 4.4 
x 10-7 and 3.3 x 10-7, respectively.[29] Considering that many of 
these children are likely to undergo more than one VCUG, in 
addition to other imaging modalities using ionizing radiation, it 
becomes even more imperative to consider imaging modalities 
with no radiation exposure such as ce-VUS.

ce-VUS is a new procedure and many sonologists may currently 
lack the experience of doing and interpreting the test results. 
According to a recent review by Prasad and Cheng, the tech-
niques of ce-VUS are operator-dependent and require highly 
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skilled sonographers.[4,30] Cost of ce-VUS is a second limiting 
factor. Because after reconstitution, microbubbles are stable for 
approximately 6 hours, a 5 mL vial could be potentially used 
for the examination of reflux in four to five children which im-
plies that children needing a VUR study can be examined in the 
same session in order to reduce the cost of the procedure. No 
complications related to the use of the contrast agents have been 
reported in the literature.[4,23,31] Recently, Babu et al.[32], Sidhu et 
al.[33], Sellars et al.[34], Darge et al.[35], Yusuf et al.[36] and Colleran 
et al.[37] have published articles describing the safety, cost-effec-
tiveness and need of implementing ce-VUS in assessing VUR in 
pediatric age group.

In conclusion, in an era of heightened radiation awareness and 
protection, radiation doses to infants and children should be kept 
as low as reasonably achievable. This study indicates 100% sen-
sitivity of the ce-VUS, and it is superior over VCUG in that it 
can detect extra 4 refluxes. In most of the cases, ce-VUS de-
tects either the same or higher grade of reflux when compared to 
VCUG with equal efficacy of detecting other anomalies. 

With improved operator learning curve for ce-VUS, it has the 
potential to replace VCUG. The longer dynamic imaging acqui-
sition of ce-VUS also suits the intermittent nature of VUR. ce-
VUS using second-generation contrast agent may be introduced 
as a valid alternative diagnostic modality for detecting vesico-
ureteral reflux, based on its radiation free, highly efficacious, 
reliable, and safe characteristics.[4,22,23]
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